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ABSTRACT 

Data presently available does not permit valid 

evaluation of the advantages and disadvantages of CBrF3 as a 

spacecraft fire extinguishing agent. A test program is suggested 

that will determine the effectiveness of CBrF3 against fires and 

establish the hazards to humans of the undecomposed CBrF3, and 

of the combination of undecomposed CBrF3, pyrolysis and com- 

bustion products of the spacecraft combustibles, and pyrolysis 

products of CBrF3. The test results should provide the basic 

information needed for development of CBrF3 fire extinguishing 

systems and operating procedures for spacecraft. 
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Introduction 

Should fire break out in a manned spacecraft, in spite 
of the precautions that have been taken, a means of rapid 
extinguishment is needed to minimize damage to equipment and 
injury to personnel. There are three general classes of fire 
extinguishing agents suitable for use in air and pure oxygen 
atmospheres: 1) those that c o o l  the fire, 2) those that prevent 
oxygen from reaching the fire, and 3) those that inhibit the 
chemical reaction in the combustion process. Water extinguishes 
fires by cooling; CO2; N2, powders, and foams extinguish fires 
primarily by excluding oxygen; and the halogenated gases includ- 
ing Bromotrifluoromethane (CBrF3 - Freon 1301) operate by break- 
ing the chain reaction in the combustion process. For particular 
applications, advantages and disadvantages may be cited for 
specific agents or classes of agents. 

Tests have shown that, for certain applications, CBrF3 
is a highly effective fire extinguisher especially if applied at 
an early stage of a fire. Furthermore, CBrF3 is a gas that can 
readily permeate a spacecraft without damaging equipment. However, 
in enclosed spaces, undecomposed CBrF3 and the pyrolysis (decom- 
position) products of CBrF3 present potential toxic hazards to 
humans. Condensate containing pyrolysis products of CBrF3 could 
present a corrosion hazard. 

Historically, a man’s progress includes many instances 
where a recognized small danger is accepted in order to eliminate 
a larger danger. For example, antibiotics are very effective 
against many dangerous and often fatal diseases, but occasionally 
undesirable and even fatal reactions occur. Similarly, cyclo- 
propane is a very useful anesthetic even though its use at times 
has fatal consequences. These agents are in general use today 
because their advantages outweigh their disadvantages. This r i s k  
tradeoff approach might well be applied to the issue of CBrF3 
usage in the space program. Unfortunately, the risk tradeoff 
cannot be made because necessary quantitative data on three 
important properties of CBrF3; namely, speed of fire extinguish- 
ment, and the added dangers of the undecomposed CBrF3 and the 
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p y r o l y s i s  p r o d u c t s  o f  CRrF3 a re  s e e m i n g l y  c o n t r a d i c t o r y ,  
i n c o m p l e t e ,  or d i f f i c u l t  t o  e x t r a p o l a t e  t o  manned s p a c e c r a f t  
a p p l i c a t i o n s .  Examples t h a t  i l l u s t r a t e  t h i s  s i t u a t i o n  a r e :  

1. Tes t s  have  d e m o n s t r a t e d  t h a t  7 %  by volume o f  CRrF3 
i s  c a p a b l e  o f  e x t i n g u i s h i n g  l i q u i d  h y d r o c a r b o n  f u e l  
f i r e s  i n  a normal  a tmosphe re  i n  a f r a c t i o n  o f  a 
s e c o n d ,  and  t h a t  on a we igh t  a n d  volume b a s i s ,  i t  
i s  more e f f e c t i v e  t h a n  any  o t h e r  c h e m i c a l  a g a i n s t  
Class B (flammable l i q u i d )  a n d  Class C ( e l e c t r i c a l  
f i r e s ) . l ,  2 I n  a t e s t  c o n d u c t e d  i n  a b o i l e r p l a t e  
A p o l l o  Command Module, a stream o f  CBrF3 d i r e c t e d  
a g a i n s t  a b l o c k  o f  p o l y u r e t h a n e  foam b u r n i n g  i n  a n  
a tmosphe re  c o n t a i n i n  8 0 %  02 by volume, d i d  n o t  f u l l y  
e x t i n g u i s h  t h e  f i r e . ?  The t o t a l  amount o f  CBrF 
re leased  was a p p r o x i m a t e l y  4% o f  t h e  volume o f  ?he  
b o i l e r p l a t e .  The c o n c e n t r a t i o n  o f  CBrF3 i n  t h e  
stream o f  g a s  t h a t  f l owed  a r o u n d  t h e  b u r n i n g  foam 
b l o c k  i s  n o t  known, b u t  i s  b e l i e v e d  t o  b e  g r e a t e r  
t h a n  4 % .  
e f f e c t i v e  f o r  t h i s  h y p e r o x i c  a tmosphe re  i s  e s t i m a t e d  
frcm o t h e r  t e s t s  t o  be  50%.4, 5 

The c o n c e n t r a t i o n  o f  CBrF3 t h a t  would b e  

2 .  The f u n c t i o n i n g  o f  t h e  h e a r t s  and  c e n t r a l  n e r v o u s  
s y s t e m s  o f  r a t s ,  mice ,  dogs  and  monkeys i s  a f f e c t e d  
by t h e i r  b r e a t h i n g  a i r  or oxygen combined w i t h  
CBrF3.6, 7 ,  8 I n  t e s t s ,  t h e s e  s u b j e c t s  b r e a t h e d  a i r  
or oxygen w i t h  v o l u m e t r i c  c o n c e n t r a t i o n s  of CBrF3 
t h a t  v a r i e d  f r o m  a f e w  p e r  c e n t  t o  8 0 % .  S e v e r e  
e p i l e p t i f o r m  s e i z u r e s  a p p e a r e d  s p o n t a n e o u s l y  i n  
dogs  b r e a t h i n g  a tmosphe res  c o n t a i n i n g  5 0 %  or g r e a t e r  
o f  CBrF3. F i b r i l l a t i o n  c o u l d  b e  i n d u c e d  i n  d o g s ,  
b r e a t h i n g  a tmosphe res  o f  8 0 %  CBrF3, by i n j e c t i o n s  o f  
1 0  mg o f  e p i n e p h e r i n e  ( a n  a d r e n a l  hormone) p e r  kg of  
body w e i g h t .  The mass o f  i n j e c t e d  e p i n e p h e r i n e  was 
much l a r g e r  t h a n  t h e  d e l i v e r y  c a p a b i l i t y  o f  t h e  
a d r e n a l  g l a n d s .  I n  c o n t r a s t  t o  t h e  d o g s ,  monkeys 
became s o p h o r i c  i n s t e a d  o f  c o n v u l s i v e ,  a n d  f i b r i 1 l . a -  
t i o n  c o u l d  n o t  be induced  i n  t h e  monkeys. Af t e r  t h e y  
were r e t u r n e d  t o  a normal  a t m o s p h e r e ,  t h e  h e a r t s  a n d  
c e n t r a l  n e r v o u s  s y s t e m s  of t h e  dogs  and monkeys began  
t o  f u n c t i o n  n o r m a l l y .  A p p a r e n t l y ,  CBrF3 i s  n o t  d i s -  
s o l v e d  i n  body t i s s u e  a n d ,  t h u s ,  d o e s  n o t  have  
c u m u l a t i v e  e f f e c t s .  B r i e f  t e s t s  on t h r e e  human 
s u b j e c t s  b r e a t h i n g  m i x t u r e s  o f  1, 3,  5 ,  7 and  10% 
CBrF3 and  a i r  f o r  3 - 3 1 / 2  m i n u t e s  r e s u l t e d  i n  
no rma l  e l e c t r o c a r d i o g r a m s  d u r i n g  e a c h  e x p o s u r e .  The 
s u b j e c t s  r e p o r t e d  a l i g h t - h e a d e d n e s s  s imilar  t o  t h a t  
p roduced  i n  t h e  f i r s t  s t a g e  of  g e n e r a l  a n e s t h e s i a  by 
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e t h e r  o r  n i t r o u s  ox ide  when t h e y  b r e a t h e d  t h e  7 and 
1 0 %  c o n c e n t r a t i o n s  of CBrF3. 
c a t e d  t h a t  exposure  t o  a c o n c e n t r a t i o n  g r e a t e r  t h a n  
7% CRrF3 f o r  l o n g e r  t h a n  f o u r  or f i v e  minu tes  may 
r e s u l t  i n  i m p a i r e d  f u n c t i o n  or u n c o n s c i o u s n e s s . 7  
It  i s  n o t  known i f  human r e a c t i o n  t o  t h e  CBrF3 and  
e p i n e p h e r i n e  w i l l  be s imi la r  t o  t h e  r e s p o n s e  o f  
e i t h e r  dogs or monkeys. 

The expe r imen t  i n d i -  

3. The U n d e r w r i t e r s '  L a b o r a t o r i e s  have g i v e n  CBrF3 a 
t o x i c i t y  r a t i n g  o f  6 .  Both C02 and ca rbon  t e t r a -  
c h l o r i d e  a r e  more t o x i c  which i s  shown by t h e i r  
r a t i n g s  of 5a and 3 .  The U .  S .  Army Chemical C e n t e r  
r a n k s  t h e  a g e n t s  i n  t h e  same g e n e r a l  o r d e r . 1  

CBrF3 has been  h e a t e d  t o  t e m p e r a t u r e s  above 8 0 0 ° C  i n  
a r e d u c i n g  f l ame .  The r e s u l t i n g  p y r o l y s i s  p r o d u c t s  
were p redominan t ly  HF (Hydrogen F l u o r i d e ) ,  a v e r y  
a c t i v e  c h e m i c a l .  Labora to ry  a n i m a l s  t h a t  b r e a t h e d  
a tmosphere  c o n t a i n i n g  CBrF3 deve loped  edema o f  t h e  
l u n g s .  The s e v e r i t y  r anged  from s l i g h t  t o  f a t a l  
dependent  upon t h e  c o n c e n t r a t i o n  o f  t h e  p y r o l y s i s  
p r o d u c t s  and t h e  exposure  t i m e . 9  

4 .  

S u g g e s t e d  T e s t  Program 

A r e a l i s t i c  a p p r a i s a l  o f  t h e  r e l a t i v e  mer i t s  o f  CBrF3 
f i r e  e x t i n g u i s h i n g  sys tems f o r  s p a c e c r a f t  a p p l i c a t i o n s  s h o u l d  
i n c l u d e  e v a l u a t i o n  o f :  (1) t h e  d i r e c t  h a z a r d s  o f  i n j u r y  or 
damage t o  p e r s o n n e l  and equipment by h e a t  and  flame, ( 2 )  t h e  
m i s s i o n  h a z a r d s  r e s u l t i n g  f r o m  f a i l u r e  o f  c r i t i c a l  equipment  
b r o u g h t  a b o u t  b y  f i r e  o r  by use o f  t h e  e x t i n g u i s h i n g  a g e n t ,  
( 3 )  t h e  t o x i c  h a z a r d s  of  t h e  combust ion and p y r o l y s i s  p r o d u c t s  
o f  s p a c e c r a f t  m a t e r i a l s  ( p r e v i o u s  t e s t s  o f  wood and hydroca rbons  
as f u e l s  a re  n o t  a p p l i c a b l e  t o  s p a c e c r a f t ) ,  and (4) t h e  combined 
t o x i c  h a z a r d s  o f  t h e  undecomposed e x t i n g u i s h i n g  a g e n t  and i t s  
p y r o l y s i s  p r o d u c t s ,  and t h e  combustion and p y r o l y s i s  p r o d u c t s  
of  t h e  s p a c e c r a f t  c o m b u s t i b l e s .  The l a s t  two h a z a r d s  s h o u l d  be 
e v a l u a t e d  i n i t i a l l y  unde r  t h e  f l i g h t  and t e s t  c e l l  a tmosphere  
and  g r a v i t y  c o n d i t i o n s  t o  be e n c o u n t e r e d  on p r e s e n t  Apol lo  
s y s t e m s  and f u t u r e  A A P  sys tems.  These a r e :  a i r  a t  1 4 . 7  p s i a  
and 1 g ,  6 0 %  oxygen - 4 0 %  n i t r o g e n  a t  1 6 . 0  p s i a  and 1 g and 1 0  g ,  
p u r e  oxygen a t  5 p s i a  and 0 ,  116, 1, and 1 0  g ,  and a 6 9 %  02 and 
31% N2 a tmosphere  a t  5 p s i a  and 0 and 1 g .  P r a c t i c a l  c o n s i d e r a -  
t i o n s  w i l l  r e s t r i c t  e a r l y  t e s t s  t o  a 1 g env i ronmen t .  La ter ,  if 
f e a s i b l e ,  t e s t s  s h o u l d  b e  conducted  i n  0 and 1 0  g e n v i r o n m e n t s .  

A s  f a r  as i s  known, t h e r e  a r e  no t e s t  programs t o  
d e v e l o p  t h e  d a t a .  The d e t a i l e d  d e s i g n  o f  a t e s t  program t o  
a c h i e v e  t h e s e  o b j e c t i v e s  shou ld  b e  u n d e r t a k e n  by e x p e r t s  i n  
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t h i s  f i e l d .  
e v a l u a t e d  ph>Tsio logica l  d a t a  that  c o u l d  be used  d i r e c t l y  by 
e n g i n e e r i n g  p e r s o n n e l  to d e s i g n  and deve lop  CBrF3 f i r e  
e x t i n g u i s h i n g  sys t ems  for u s e  i n  s p a c e c r a f t .  Two s u g g e s t e d  
g r o u p s  o f  t e s t s  w i l l  i l l u s t r a t e  t h e  t y p e  of program e n v i s i o n e d .  

The t e s t  program s h o u l d  r e s u l t  i n  a r a n g e  o f  

1. A group o f  t o x i c i t y  t e s t s  s imi la r  t o  t h o s e  conduc ted  
a t  Wright  P a t t e r s o n  A i r  Fo rce  Base s h o u l d  be  per-  
formed where t h e  t e s t  s u b j e c t s  b r e a t h e  CBrF3 i n  
combina t ion  w i t h  a i r  a t  1 4  p s i a  and 1 g and  a 6 0 %  
oxygen - 4 0 %  n i t r o g e n  a tmosphere  a t  14.7 p s i a  and 
1 g .  A p p r o p r i a t e  t e s t  s u b j e c t s  s h o u l d  b e  u s e d .  The 
t e s t s  s h o u l d  b e  ex tended  to i n c l u d e  oxygen a t  5 p s i a ,  
and a 2 gas combina t ion  ( f o r  example,  6 9 %  02 and 31% 
N2 f o r  A A P )  a t  5 ps ia  and 1 g .  The e f f e c t s  of v a r i o u s  
c o n c e n t r a t i o n s  of CBrF3 on t h e  t e s t  s u b j e c t s  s h o u l d  be 
measured and e v a l u a t e d .  

2 .  A second group o f  t e s t s  t o  d e t e r m i n e  t h e  a d d i t i o n a l  
t o x i c  l o a d  r e s u l t i n g  from t h e  p y r o l y s i s  p r o d u c t s  of 
CBrF3 s h o u l d  b e  conducted  u s i n g  s p a c e c r a f t  combus- 
t i b l e s  as f u e l s  and a p p r o p r i a t e  t e s t  s u b j e c t s .  
P r e l i m i n a r y  t e s t s  shou ld  be performed w i t h  each  com- 
b u s t i b l e  t o  de t e rmine  t h e  minimum c o n c e n t r a t i o n  and  
r a t e  o f  a p p l i c a t i o n  o f  CBrF3 needed f o r  r a p i d  e x t i n -  
gu i shmen t .  
be  per formed f o r  each  combus t ib l e  u s i n g  c a r e f u l l y  
measured,  i d e n t i c a l  q u a n t i t i e s  of t h e  c o m b u s t i b l e  
mater ia l s  and t h e  p r e v i o u s l y  de t e rmined  minimum con- 
c e n t r a t i o n  and r a t e  o f  a p p l i c a t i o n  o f  CBrF3. I n  t h e  
s e t s  o f  t e s t s ,  t h e  f i r e  s h o u l d  be a l lowed  t o  b u r n  f o r  
v a r i o u s  s e l e c t e d  and measured i n t e r v a l s  p r i o r  t o  t h e  
a p p l i c a t i o n  of CBrF3. 
e x t i n c t i o n  and t h e  time from i g n i t i o n  t o  t h e  time a t  
which t h e  t e m p e r a t u r e  o f  t h e  c o m b u s t i b l e s  d r o p s  below 
t h a t  n e c e s s a r y  t o  p y r o l i z e  t h e  CBrF3 o r  t h e  combus- 
t i b l e ,  which e v e r  i s  t h e  l o w e s t ,  s h o u l d  be  measured .  
A l so ,  t h e  r a t e  of a p p l i c a t i o n  o f  CBrF3, t h e  v o l u m e t r i c  
c o n c e n t r a t i o n  o f  CBrF3 a p p l i e d ,  
bu rned ,  and t h e  f i r e  t e m p e r a t u r e  and t h e  v o l u m e t r i c  
compos i t ion  o f  t h e  t e s t  chamber a tmosphere  j u s t  p r i o r  
t o  t h e  ex t ingu i shmen t  o f  t h e  f i r e ,  s h o u l d  be  measured .  
I n  t h e  second t e s t  of each  s e t ,  t h e  c o m b u s t i b l e  s h o u l d  
burn  i n  t h e  chamber u n t i l  t h e  mass o f  ma te r i a l  burned  
i s  t h e  same as  i n  t h e  f i r s t  t e s t .  A t  t h a t  t ime,  t h e  
b u r n i n g  c o m b u s t i b l e  s h o u l d  be  removed from t h e  chamber,  
The f i r e  t e m p e r a t u r e  and t h e  v o l u m e t r i c  c o m p o s i t i o n  
o f  t h e  t e s t  chamber a tmosphere  a t  t h e  t i m e  t h e  burn-  
i n g  combus t ib l e  i s  removed from t h e  t e s t  chamber s h o u l d  
b e  measured.  

Then, s e v e r a l  s e t s  o f  two t e s t s  e a c h  s h o u l d  

The t ime from i g n i t i o n  t o  

t h e  mass o f  f u e l  

I n  each t e s t ,  an ima l  s u b j e c t s  s h o u l d  b e  
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exposed  t o  t h e  t e s t  chamber a tmosphere  f o r  v a r y i n g  
p e r i o d s  o f  t i m e  but  n o t  t o  t h e  h e a t  o f  t h e  f i r e .  
The a n i m a l s  s h o u l d  be  s a c r i f i c e d  and examined t o  
d e t e r m i n e  t h e  b i o l o g i c a l  e f f e c t s  o f  t h e  g a s e o u s  
combust ion and p y r o l y s i s  p r o d u c t s .  

T e s t  R e s u l t s  Expected  

I t  i s  e x p e c t e d  t h a t  a f t e r  t h e  f i r e s ,  t h e  t e s t  chamber 
a tmosphe res  w i l l  c o n s i s t  o f  t h e  g a s e s  p r e s e n t  p r i o r  t o  t h e  f i r e ,  
g a s e o u s  combust ion p r o d u c t s ,  and  gaseous  p y r o l y s i s  p r o d u c t s ,  if 
any ,  o f  t h e  c o m b u s t i b l e ,  most o f  t h e  o r i g i n a l  volume o f  undecom- 
posed  CBrF3, and a s m a l l  volume o f  t h e  p y r o l y s i s  p r o d u c t s  o f  
CBrF3. The p y r o l y s i s  p r o d u c t s  o f  t h e  CBrF3 w i l l  b e  a minimum 
i f  t h e  p r o p e r  c o n c e n t r a t i o n  o f  CBrF3 i s  r a p i d l y  a p p l i e d .  The 
t e s t s  s h o u l d  e s t a b l i s h  t h e  e f f e c t i v e n e s s  o f  CBrF3 as a f i r e  
e x t i n g u i s h e r  f o r  s p a c e c r a f t  a p p l i c a t i o n s ,  t h e  p h y s i o l o g i c a l  
d a n g e r  o f  undecomposed CBrF3, t h e  p h y s i o l o g i c a l  dange r  r e s u l t i n g  
from t h e  combust ion and p y r o l y s i s  p r o d u c t s  o f  t h e  f u e l s ,  t h e  
p h y s i o l o g i c a l  d a n g e r s  r e s u l t i n g  from t h e  combina t ion  o f  undecom- 
posed  CBrF3, t h e  p y r o l y s i s  p r o d u c t s  of CBrF3, and t h e  combust ion  
and p y r o l y s i s  p r o d u c t s  of t h e  c o m b u s t i b l e s .  Then, t r a d e o f f s  
t h a t  i n c l u d e  c o n s i d e r a t i o n  o f  t h e  d i r e c t  h a z a r d s  o f  i n j u r y  o r  
damage to p e r s o n n e l  and equipment b y  hea t  and flame, and t h e  
m i s s i o n  h a z a r d s  brouo;ht abou t  by  f i r e  o r  u s e  of t h e  e x t i n g u i s h i n g  
a g e n t s  can  e s t a b l i s h  t h e  v a l u e  of  a CBrF3 f i r e  e x t i n g u i s h i n g  
sys t em.  The t e s t  d a t a  s h o u l d  p r o v i d e  t h e  b a s i c  i n f o r m a t i o n  
needed  i n  t h e  development of CBrF3 f i r e  e x t i n g u i s h i n g  sys t ems  
and o p e r a t i n g  p r o c e d u r e s .  

A program c o n s i s t i n g  o f  t e s t s  such  as t h o s e  s u g g e s t e d  
s h o u l d  b e  implemented promptly s o  t h a t  i f  t h e  t e s t  and t r a d e o f f  
r e s u l t s  d e m o n s t r a t e  t h a t  CBrF3 o f f e r s  a d v a n t a g e s  a s  a s p a c e c r a f t  
f i r e  e x t i n g u i s h i n g  a g e n t  i t  can be p u t  i n t o  u s e  a t  an  e a r l y  da t e  
t o  i n c r e a s e  crew c a f e t y  i n  t h e  manned s p a c e  program. The f i r s t  
s t e p  i n  implement ing  t h e  t e s t  program would be t o  d e v e l o p  a 
d e t a i l e d  t e s t  p l a n  i n c l u d i n g  s p e c i f i c a t i o n s  f o r  r e q u i r e d  equ ip -  
ment .  The p l a n  c o u l d  s e r v e  a s  a bas i s  f o r  c o s t  and s c h e d u l e  
es t imates .  

2033-JDR-dly ' J .  D .  Richey 
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